worms (1.33 ± 2.33 (median ± range); Figure 1B ; Supplemental information). A. marina's digestion is characterised by material continuously entering and exiting the digestive tract, with negligible mixing during passage. Prolonged gut residence times imply that microplastics, which are of low nutritional value, are being retained and subjected to extensive digestion, at an energetic cost.
Polychaete worms exhibit positive correlations between organic content and feeding activity [8] . We therefore tested the hypothesis that UPVC reduced the organic content of the sediment to a level at which food concentration becomes a limiting factor. When A. marina was exposed to natural sediment of varying organic content -altered by adding clean silica sand -there was no significant reduction in feeding activity (Supplemental information). This suggests that the observed reduction in feeding activity of 5% UPVCexposed worms is likely attributed to a characteristic of the UPVC and not the secondary effect of decreased food concentration.
At a density of 85 individuals per m 2 , which is typical of a tidal flat habitat, A. marina is estimated to process 400 cm 3 of sediment annually [9] . Microplastic debris (<1 mm) comprising 3.17% by weight of the sediment has been reported, which when adjusted for density could represent up to 6.34% of the sediment volume at contamination hotspots [2] . Using the Wadden Sea, where A. marina is a keystone species, as an example, if contamination accumulated to such levels in situ, A. marina could consume up to 33 m 3 of microplastics annually. We found overall feeding activity reduced by approximately 25% in worms exposed to 5% UPVC by weight for a month. Using the Wadden Sea example, this would result in 130 m 3 less sediment being reworked annually. Our current observations indicate that 1% microplastics by weight can reduce total energy reserves by approximately 30%, mainly linked to a reduction in lipid reserves. We propose a conceptual model ( Figure 1F ) whereby high concentrations of microplastics could induce suppressed feeding activity, prolonged gut residence times, inflammation and reduced energy reserves, impacting on growth, reproduction and ultimately survival. We have shown that microplastics can cause physical harm to an important marine species, emphasizing the need to reconsider how discarded PVC, polystyrene, polyurethane and polycarbonate (30% of global production) are classified in terms of hazard [10] . The recollection of past experiences allows us to recall what happened during a particular event, and where and when it occurred [1] . Since the first study on episodic-like memory in scrub-jays [2] , there has been widespread acceptance of the idea that tests in animals should integrate the 'what', 'where' and 'when' components of a unique event that occurred in the past [3, 4] . This is referred to as episodic-like memory rather than episodic memory per se, in acknowledgement of the lack of evidence for, or against, the phenomenological aspects that accompany episodic recollection in humans. So far, evidence for episodiclike memory has only been found in some birds and mammals. We show here that cuttlefish, cephalopod mollusks, keep track of what they have eaten, and where and how long ago they ate, in order to match their foraging behavior with the time of replenishing of different foods. Foraging in cuttlefish fulfils the criteria of 'what', 'where' and 'when' of unique events and thus provides behavioral evidence of episodic-like memory in an invertebrate. Cuttlefish rest more than 95% of the time: long rest periods in safety are punctuated by brief foraging bouts in the open [5] . They appear to minimize their hunting time, and then quickly return to safe places. The common cuttlefish Sepia officinalis has good visual discrimination and spatial abilities [6] , and displays strong food preferences [7] . We therefore hypothesized that cuttlefish may keep track of what they have eaten, and where and how long ago they ate, in order to match their foraging behavior with the time at which different foods replenish, a feature we shall refer to as 'replenishing rate'.
Supplemental Information
We first conducted tests to determine the feeding preferences of each cuttlefish, by giving them the choice between a crab and a shrimp (10 times per cuttlefish over a period of three days). The three cuttlefish that we tested all preferred shrimp over crab ( Figure 1A ; binomial test: p < 0.05). Cuttlefish were then trained to go close (within 10 cm) to a visual cue (a black and white PVC square) in order to get food (Pretraining 1, Supplemental Information; Figure 1B ). We considered that the cuttlefish had learned the task when they went close to the visual cue in less than 60 seconds after it was placed inside their tank, at least eight times in 10 consecutive trials. Cuttlefish were also given trials in which they learned that their preferred prey replenished after 3 hours (Pretraining 2; Supplemental Information). They therefore learned to avoid recovering these items when a short time had elapsed since they had eaten it (1 hour). It took the cuttlefish 21 ± 4 trials (mean ± s.e.m.) to learn the prey replenishing rate.
The cuttlefish then received training trials (Training; Figure 1C ) in which they needed to learn in the first phase which prey was associated with which visual cue (two identical visual cues but placed in two distinctive locations: 'what' is 'where'). Novel locations were used on every trial throughout the experiment so that the prey locations were trial-unique. During this first phase, when the cuttlefish randomly went close to one of these cues, a shrimp and a crab were simultaneously placed in the tank, each one in front of one distinct visual cue (each day, a visual cue is consistently associated to one of the prey). The cuttlefish was then allowed to capture one of the two prey. The second phase was randomly assigned to start 1 hour or 3 hours later.
On trials with a short delay (1 hour later), going close to the visual cue associated with the non-preferred prey was reinforced by allowing the cuttlefish to eat that prey, but going close to the visual cue associated with the preferred prey was not rewarded (the preferred prey was not available and thus could not be eaten). On trials with a long delay (3 hours later), both prey were available for eating and going close to one of the two visual cues was reinforced by allowing the cuttlefish to eat the corresponding prey. A choice was considered correct if the cuttlefish went close to the visual cue associated with non-preferred prey after a short delay, and close to the visual cue associated with preferred prey after a long delay. Cuttlefish were trained until they reached an acquisition criterion of at least eight correct choices in 10 consecutive trials (binomial test: p < 0.05).
Two cuttlefish learned the task (What-Where-When) in 10 trials, and the third one reached the criterion in 12 trials. If we focus on performance during the last 10 training trials only, then it is clear that all three cuttlefish switched their preference to choosing the visual cue associated with non-preferred prey when tested after 1 hour, and continued to choose the visual cue associated with preferred prey after 3 hours ( Figure 1D ). This pattern of choices demonstrates What-WhereWhen memory -'what' (prey type) were located 'where' (location of the visual cue) and 'when' (time elapsed since they previously ate). It is important to note that the cuttlefish could not use a circadian rhythm to solve the task [8] , as they were not always tested at the same time of day. Selective satiety is unlikely to explain the results as individuals consistently chose the same prey during the individual preference tests that were undertaken with a 1 hour inter-trial interval. During both pre-training and training trials, the cuttlefish could not use the sight and smell of the prey because the food was placed in the water after the cuttlefish had chosen one of the visual cues.
We conclude that foraging by cuttlefish therefore fulfils the criteria for What-Where-When memory of unique past events and thus provides, to our knowledge, the first behavioral evidence of episodiclike memory in an invertebrate. This raises the exciting possibility that at least some behavioral features Each trial consists of two phases: during Phase 1, the cuttlefish learn which prey is associated with which visual cue; during Phase 2, the cuttlefish are tested either after a short (1 hour) or a long (3 hour) delay. After the short delay, the non-preferred prey is available but not the preferred prey. After the long delay, both prey are available. (D) Mean percentages (±s.e.m.) of choices made by cuttlefish during the last 10 trials of training, when tested after a short or a long delay.
of episodic memory may not be unique to vertebrates. Because the hypothetical common ancestor of cephalopods and vertebrates dates back to about one billion years ago [9] , the evolution of episodic-like memory may provide a genuine case of evolutionary convergence. Perhaps the result of the live fast/ die young lifestyle has been an important selective pressure for the evolution of What-Where-When memory in cephalopods, given that these animals need to optimize their foraging time while minimizing the risk of predation. Whatever the reason, these results provide a novel evolutionary insight into the emergence of complex cognition. During the breeding season, male koalas produce 'bellow' vocalisations that are characterised by a continuous series of inhalation and exhalation sections, and an extremely low fundamental frequency (the main acoustic correlate of perceived pitch) [1] . Remarkably, the fundamental frequency (F0) of bellow inhalation sections averages 27.1 Hz (range: 9.8-61.5 Hz [1] ), which is 20 times lower than would be expected for an animal weighing 8 kg [2] and more typical of an animal the size of an elephant (Supplemental figure S1A) . Here, we demonstrate that koalas use a novel vocal organ to produce their unusually low-pitched mating calls.
Examination of 10 male koala larynges failed to identify any obvious specialisations for low frequency sound production. The laryngeal vocal folds were sharp-edged, thin structures that were mean 9.8 ± 0.9 mm long, 1.0 ± 0.1 mm wide and 0.8 ± 0.2 mm in depth. As a first approximation, the vocal fold can be assumed to behave like a simple string, whose rate of vibration (F0) is linearly and inversely related to its length [3] . According to this theoretical string model, a 9.8 mm fold should not be able to produce frequencies below 51.0 Hz (Supplemental information). In addition, if we use an empirical model based on the co-variation of vocal fold length and mean F0 across mammals (Supplemental figure S1B), the predicted mean F0 for a 9.8 mm fold should be around 389 Hz, which is far higher than the 27.1 Hz mean F0 of bellow inhalation sections [4] . Thus, the dimensions of the male koala's vocal folds appear to be incompatible with the production of the extremely low F0 of male bellows.
Further detailed dissections revealed a pair of much larger, and previously undocumented folds spanning the intra-pharyngeal ostium (IPO), an oval opening within the soft palate (or velum) that connects the oral and nasal portions of the pharynx (Figure 1 ). The distinctive shape and the position of these 'velar vocal folds' indicate that they could be used to produce sound as air is sucked in through the nostrils during inhalation ( Figure  1) . The velar vocal folds were paired medial protrusions of the IPO edges that were oriented rostro-caudally and heavily wrinkled ( Figure 1B,C) , allowing them to be stretched and brought under tension for vocal production, and relaxed to allow the IPO to remain open during nasal respiration. Previous findings indicate that male koalas use their sternothyroid muscle to pull the larynx caudally when they vocalise [4] . Because the larynx is attached to the caudal end of the pharynx where the IPO is situated, laryngeal retraction brought about by the sternothyroid muscle will automatically put tension on the rostro-caudally oriented velar vocal folds, and could also induce length changes of the folds. Contractions of the palatopharyngeal muscles may also influence the length and shape of the velar vocal folds directly (inducing width changes of the IPO).
In their resting state the velar vocal folds (n = 10) were mean 32.8 ± 2.6 mm long, 15.1 ± 1.9 mm wide and 10.8 ± 1.4 mm in depth. According to the string model, a 32.8 mm fold should be able to produce frequencies as low as 15.2 Hz, which is compatible with the range of F0s observed in the inhalation sections of bellows (9.8-61.5 Hz) [1] . In addition, when fully elongated the velar vocal folds were 51.1 mm long, which would theoretically allow them to oscillate at frequencies as low as 9.8 Hz. Assuming a tissue density of 1.02 g cm3 [5] the mass of the velar vocal folds of around 5.46 g also makes them ~683 times heavier than the laryngeal vocal folds (at around 0.008 g), which should also help to increase the radiated power of the low F0 signal [6] .
Because koalas produce the low F0 sections of bellows on inhalation [7] , we reproduced natural sound production in three male koala cadavers by sucking air through the pharynx and the larynx via the trachea, mimicking inhalation of air using the lungs (Supplemental figure S2 ). This allowed us to investigate whether an ingressive flow of air can induce self-sustained oscillation of the velar vocal folds and produce low frequency sounds. An endoscopic video camera was attached to a tube leading from the suction pump and placed
